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REGULATION OF THE FREE AMINO ACIDS OF SKIN BY HYDROCORTISONE*
WAYNE L. RYAN, PH.D.
Determination of the free amino acids in fetal
tissue, regenerating liver and cancer tissues has
provided considerable evidence that cells in which
increased protein synthesis occurs have increased
free amino acid pools (1—3). The phenomena of
increased amino acid transport and elevated
amino acid pools appear to be essential for active
protein synthesis. The ability of hormones to
control protein synthesis has suggested studies to
determine if this control is exercised by regulation
of the free amino acid pools of the cells.
Studies on hydrocortisone have demonstrated
its ability to elevate the amino acid pool of the
liver (4) and depress the levels in skeletal muscle
(5). These changes may be a result of a direct
action on the cell to limit or increase transport;
or an alteration in the cell environment, that is,
lowering or increasing the plasma amino acids;
or an induction or increase in the enzymes which
metabolize the amino acids.
These difficulties in interpretation suggested
experiments in which the hormone is applied
topically. Under such circumstances it might be
possible to determine whether hydrocortisone
lowers the free amino acids (in tissues in which it
produces a catabolic effect) by a direct action on
the cells or by alteration of their environment.
For these reasons, a study of the effects of sys-
temic and topically applied hydrocortisone on the
free amino acids of the skin was initiated.
EXPEEIMENThL
A number of trials with different concentrations
of hydrocortisone ointment on different areas of
the skin were necessary to find a concentration
and area that did not result in a systemic effect
as evidenced by an elevation of the amino acids.
(The injection of small amounts of hydrocortisone
has been found to cause an elevation of the plasma
amino acids (5). A concentration of 0.1% hydro-
cortisone ointment on an area of approximately
4 cm2 or less did not produce a significant eleva-
tion of the plasma amino acids and was therefore
used in all of the experiments described here. The
rats were prepared by shaving the anterior dorsal
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area of the backs as close as possible with an elec-
tric razor. The area was washed and just enough
ointment to cover the area was applied. The oint-
ment base was applied in the same manner to the
control rats. Each rat was placed in a separate
cage to prevent licking the ointment. Because
treatment with the ointment for 2—3 days caused
slight increases in plasma amino acids and slight
decreases in weight gain, the ointment treated
rats were sacrificed 24 hours after application of
the hydrocortisone.
TABLE I
Effect of daily injection of LO mg of hydrocortisone
on weight gain, skin weight and per
cent water
Weight of Animals
Initial Final
Weight of
the Skint
Per
Ceot
Watert
Control....
Hydrocor-
tisone...
119
120
183
136
228 mg/cm'
91 mg/cm'
69
64
* Determined by punching out area of 7 cm2.
t Determined by drying at 1100 C to constant
weight.
White male rats (Sprague-Dawley) weighing
90—120 grams were injected subcutaneously with
2.0 mg of hydrocortisone acetate each day for 10
days. This amount of hydrocortisone was found
to produce a marked catabolic effect as evidenced
by the data in Table I. Rats treated in the same
way were sacrificed at 24 hours in order to deter-
mine the more immediate effects of hydrocortisone
on the free amino acids of the skin and plasma.
All of the animals were sacrifled by decapitation
and the blood collected in beakers containing
heparin. In order to obtain sufficient plasma for
analysis, the blood from at least 5 animals was
pooled. The skins from these same 5 animals were
removed immediately after collection of the blood,
placed on aluminum foil on solid carbon dioxide
and also pooled. The samples of plasma and skin
were homogenized in a Waring Blendor in picric
acid and centrifuged to remove the proteins. The
samples were prepared for ion-exchange chroma-
tography by the method of Spackman (6).
RESULTS AND DISCUSSION
Perhaps the most marked and obvious changes
that occur in the free amino acids of the skin in
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each of the groups of rats are the decreases in the
sulfur-containing amino acids, methionine, cys-
tine and cystathionine. The decrease in cystine
and cystathionine was so great that the treatment
for 10 days made it impossible to detect either of
these two compounds. Since there is a parallel
elevation of taurine in all three groups it is proba-
ble that much of the sulfur-containing amino
acids are being converted to taurine. Therefore,
the decrease in these amino acids in the skin may
not be a result of decreased transport but rather
to an induction or elevation of the enzymes asso-
ciated with the conversion of sulfur containing
amino acids taurine. The importance of cystine
and methionine to the synthesis of skin and hair
proteins make these changes particularly notable.
Significant declines in the concentration of hy-
droxyproline, glutamic acid, citrulline, valine,
histidine, carnosine (3-alany1histidine) and lysine
occurred in the skin of the injected and ointment
treated groups. Some differences in the effects of
the different types of treatment also occurred.
For example, treatment with hydrocortisone oint-
ment produced a greater decrease in the arginine
TABLE II
Effect of hydrocortisone on the ninhydrin reactive substances in skin and plasma
Control
Plasma (,moles/ml)
Control
Skin (moles/gm wet weight)
24 hours 10 days 24 hours 10 days Ointment
Taurine
Urea
Hydroxyproline....
Aspartic Acid
Threonine
Serine
Glutamine & as-
paragine
Proline
Glutamic Acid
Citrulline
Glycine
Alanine
Valine
Half Cystine
Cystathionine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Histidine
Carnosine
Argiriine
Ornithine
Ammonia
Lysine
Total ninhydrin r .s..
Total free amino
acids
0.130
2.95
0.038
0.012
0.167
0.192
0.521
0.117
0.090
0.066
0.330
0.296
0.123
0.014
0.038
0.067
0.096
0.049
0.049
0.045
0.075
0.030
0.261
0.266
6.02
2.68
0. 178*
3.21
0.043
0.018*
0.257*
0 .274*
0.672
0. 149*
0.070
0.090
0. 466*
0.468*
0. 154*
0.017
0.045
0.088*
0. 131*
0 .062*
0 .068*
0.053
0.059
0.032
0.453
0.341
7.41
357*
0. 177*
3.83
*
0.ØtJ7*
0. 123*
0.120*
0. 474*
0 .071*
0.060*
0.030*
0. 137*
0.267
0.126
0.015
0.029
0.069
0.104
0.038*
0.052
0.046
0.048
0.039
0.338
0.250
6.45
2.11*
2.05
4.27
0.167
0.614
1.00
2.19
1.85
1.13
3.34
0.291
4.23
2.77
0.633
0.234
0.110
0.353
0.421
0.600
0.310
0.310
0.425
0.193
1.68
0.057
4.84
1.11
35.18
23.72
4.01*
6.46*
—*
0.552*
1.01
2.97*
2.09
1.08
2.60*
0.231
4.86
3.00
0.420*
0. 059*
0.061*
0. 224*
0.455
0.493*
0.300
0.307
0.271*
0. 131*
1.71
0.036
4.21
0.565*
38.11
23.23
4.64*
8.46*
*
0.404*
0.805
1.88
1.58
0.654*
1.89*
0. 176*
2.73*
2.36
0.325*
—*
*
0. 187*
0. 282*
0. 312*
0.175*
0. 168*
0.318*
0. 119*
1.18*
0.028
2.87*
0.436*
31. 98*
15.89*
3.22*
6.44*
—*
0.662
1.08
2.81
1.48*
0.855
1.98*
0. 127*
3.30*
2.63
0.548*
0.064*
0.031*
0. 178*
0.512
0.716
0.331
0.378
0. 297*
0. 101*
0. 789*
0.035
2.12*
0.596*
31.27
19.36
Five determinations each of 5 pooled samples. Determinations marked with * are significant to p <
.05 by Mann-Whitney U Test (7).
Reproducibility of amino acid determinations is with sample loads of 0.20 Mmoles. With the
exceptions of aspartic acid, hydroxyproline, half cystine the sample load was equal or greater than 0.2
izmoles,
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concentration of the skin than did the injection
of hydrocortisone for either 24 hours or 10 days.
Such a decrease in addition to suggesting a de-
pressed ability to transport arginine may also be
the result of induction of the enzyme arginase.
Either event could cause a decrease in the concen-
tration of arginine.
The total ninhydrin reactive substances (which
include urea, taurine and ammonia) and the total
free amino acids are decreased as the result of
application of hydrocortisone ointment, whereas
the injection of hydrocortisone did not produce a
significant change in these values during the first
24 hours. It may be that the hydrocortisone oint-
ment produces a higher concentration of hydro-
cortisone in the skin than does the injected
hydrocortisone. This would account for the
greater changes produced by the hydrocortisone
ointment.
The above depressions in free amino acids in
ointment and systemically treated rats would ap-
pear to establish that hydrocortisone regulates
the free amino acids of the skin by several
mechanisms. Some of the decreases may be at-
tributed to a decrease in the plasma levels. How-
ever, most of the decreases would appear to be a
result of inhibition of transport and to an increase
of the enzymes associated with metabolizing the
amino acids.
The inhibition of protein synthesis in the skin
with a consequent sloughing and thinning of the
skin is a well known result of injection of hydro-
cortisone. Evidence presented here indicates that
this is a result of decreasing the available sub-
strate (amino acids) necessary for synthesis of
protein. Although the primary action of hydro-
cortisone may be to inhibit protein synthesis, the
primary use of hydrocortisone is to inhibit in-
flammatory responses. It would be of interest to
determine if the anti-inflammatory activity of
hydrocortisone is a result of the decreased amino
acid levels. The decrease in histidine concentra-
tion might, for example, lower the ability of the
skin to produce histamine. Similar studies to
describe the inflammatory response in terms of
amino acid transport may provide an explnaation
for the anti-inflammatory activity of hydro-
cortisone.
SUMMARY
The action of hydrocortisone in decreasing the
amino acid concentration of the skin appears to
be a result primarily of a direct action of the hor-
mone on the cells of the skin, since the application
of hydrocortisone ointment to the skin decreases
the free amino acids of the skin without producing
any measurable change in the plasma amino
acids.
Significant decreases in hydroxyproilne, glu-
tamic acid, glycine, valine, cystine, cystathionine,
methionine, histidine, carnosine, arginine and
lysine in the skin resulted from the administration
of hydrocortisone systemically or topically.
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